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0. Rare earth magnet and rare earth magnet alloy powder having high corrosion resistanoa 

. • * 

_ * • 

30 An (F^,Cb)-B-R tetragonal type magnet and magnet alloy powder having a high corrosion resistance, which 
have a boundary phase stabilized by Co and Al against corrosion, and which consist essentially of: . . . 
. 0.2 • 3.0 at% Dy and 12 • 17 at% of the sum of Nd and Dy; 
0>S - 10at% B; . 
Wo.5- 13at% Co; 
*'^0.5-4at% Al;and 
in the balance being at least 65 at% Fe. ' 

g> 0.1 - 1,0 at% of Tl and/or Nb may be present The afloy powders can be stabilized.. 
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RARE EARTH MAGNET AND RARE EARTH MAGNET ALLOY POWDER HAVING HIGH CORROSION 

RESISTANCE 

This Invention relates to an Fe-B-R type rare earth permanent magnet having high magnetic properties. 
(In the present invention, R represents the rare earth elements Inclusive of Y) More particularly. It is 
concerned with a permanent magnet based on rare earth element (R), boron (B) and iron (Fe), with \ts 
corrosion resistant property being irnproved significantly by the particular compositional ratios of the 
s constituent elements. 

There was previously proposed by three of the present inventors, as an improved permanent magnet of 
high perfonnance which exceeded the highest magnetic properties of the conventional rard earth^obalt 
magnet, an Fe-B-R type permanent magnet which was composed of as the principal components iron (Fe), 
•boron (B) and light rare earth elements such as neodymium (Nd) and praseodymium (Pr) abundantly 
10 avadlable in the natural resources, but not using samarium (Sm) and cobalt (Co) which are scarcely available 
in the natural resources or uncertain In the commercial availabinty, hence expen^ve (Japanese Patent Kokai 
Publications No. 59-46008 and No. 59-89401 or EPA 101552). 

Said Inventors also succeeded in obtaining another FE-B-R type permanent magnet having a higher 
range of the Curie terhperature than that of the abovementioned magnetic alloy , which ranges. In general. 
15 from 300 'C to 370 'C, by substituting cobalt (Co) for a part of iron (Fe) (Japanese Patent Kokai 
Publications No. 59-i54733 and No. 59-132104 or EPA 106948).. 

With a view to improving the temperature characteristics On particular the coerclvity "IHc"), while 
retaining the Curie temperature equal to, or higher than that, and a higher (BH)m^ than that of the above- 
mentioned C6-contalriing Fe-B-R type fi.e^ more precisely (Fe.Co)-B-R type) rare earth pemianent magnet. 
20 the said Inventors further proposed still another Corcontaining Fe-B-R type rare eartii permanent magnet 
with much more improved iHc, while still retaining a very high (BH)max of 25 MCOe • or above, which could 
be realized toy including at least one kind of heavy rare earth elements such as dysprosium (Dy). terbium 
(Tb) etc, as a part of R of the Co-containing Fe-B-R type rare eartii permanent magnet. R mainly 
conteining light rare earth elements such as Nd and/or Pr (Japanese Patent Kokai Publication No. 60^05 

25 "or EPA). . . ^ ^ i^-^ 

However, tiie permanent magnets having the dbovementioned excellent magnetic properties and t>eing 
composed of the Fe-B-R type magnetically anisotropic sintered body contain, as its principal constitoierrts, 
tiiose rare earth elements and Iron which are apt to be oxidized in the ^r and tend to gradually form stable 
oxides. On. account of this, when such permanent magnet is assembled in the magnetic circuit, various 

30 problems and Inconveniences would be brought about by tiie oxides fonned on the surface of the magnet 
such as decrease in output of the magnetic circuit; irregular functioning among the magnetic circuits; and. In 
other aspect, contamination of vartous peripheral devices around -tiie magnetic circuits due to scaling off of 
the resultant oxides from the surface of the magnet 

In order therefore to improve tiie corrpslon reslstam property of tiie abovementioned Fe-B-R type 

35 permanent magnet there was already proposed a permanent magnet wrth an anti-conrosive metal layer 
having been plated on its surtace by the eleclroless plating method or the electrolytic plating method 
(Japanese Patent Application No, 58-162350), and another permanent magnet witfi an anti-corrosive resin 
layer having been coated on its surface by the spraying metiiod or the dipping rhetiiod (Japanese Patent 

. Application No* 58-171907). 

40 Wfth this plating metiiod. however, there stiH remaincid problem such that, since tiie permanent magnet 
is a sintered, somewhat porous body, an acidic or alkaline solution used, for Its pre^trealment before tiie 
plating procedure stays in tiie pores of the sintered magnet body, which is apprehensWely Dable to corrode 
tiie magnet wltti lapse of time; and furtiier, since tiie magnet body is inferior: in Its chemical-resistant 
* property; tiie siirf^ce of the magnet is corroded during the plating procedure to deteriorate Its adhesion 
45 property and corrosion-resistant property. • 

Furtiier. as to tiie latter spraying metiiod, since tiie resiri coating by this metiiod has directionality, a 
great deal of working steps and time are required for applying the uniform resin coating over thQ entire 
surface of ^e woricplece to be treated; in particular, coating of a magnetic body having a complicated 
configuration witii ttie coating film of a uniform tiiickn^ Is all the more difficult Furtiiermore. wltti tiie 
50 dipping metiiod, thickness of tiie resin coaling becomes non-uniform v\#i tiie consequence tiwt the finished 

prcxJuct has a poor dimensional precision. 
• • • * 

• 1 MGOe » 7,96 k» J/nn? 
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Furthertnore. as. the Fe-B-R type permanent magnet which could successfully solve the disadvantages 
biherent in the abovementioned plating method, spraying method and dipping method, and provide 
stabilized corrosion resistant-jwoperty over a long period of timia, there were also proposed improved 
permanent magnets provided on its surface with a vapor-deposited con^sion resistant layer composed of 

5. vanous metals or alloys (Japanese Patent Appiicalions No. 59-278489. No. 60-7949. No. 60-7950 and No 
60-7951. now corresponding EPA 0190461). By this vapor-depositon method, oxidation of the surface of the 
magnet body is suppressed, so that the magnetic property is prevented from deterioration. Also, since there 
IS no necessity for use of corrosive chemicais. etc.. hence no apprehension wiiatsoever of its remaining in 
the magnet body as is the case with the plating rhethod. the permanent magnet as trOated by this method 

10 is capable of retaining Its stability over a iong period of time. 

While the vapor-deposltion method is highly effective for impn>vement in the corrosion resistance of the 
.permanent magnet, it has its own disadvantage such that a special treating apparatus is raquirad and its 
.productivity is low. so that the treatment by this method is considerably expensive. 

USP- 4,588.439 discloses an Fe-B^R type permanent magnet alloy containing 6.000 to 35.000 c»m 

18 (preferably 9.000 to 30.000 ppm) oxygen In order to avoid disintegration of the sintered body based on ari 
autoclave test However, this alloy consumes much rare earth elements as oxides. For complete suppres- 
sion 9,000 ppm oxygen is necessary. Namely , rare earth elements of 6 tirnes by weight of the oxygen 
amount is consumed to form oxides. Such large amount of dxide is not preferred since the presence of 
nonmagnetic oxides adversely affects the magnetic properties, and valuable rare earth elements are 

» consumed. For instance. 10.000 ppm oxygen will consume 6 % by weight of rare earth el^nts as oxides 
. Thus there is much to be desired in the art. SUIlmore. the prxKJucing procedure and raw materials and 
intermediate products must be carefully handled to avoid oxidation. Which further leads to an inrease in the 
production costs. 

H Is therefore. an object of the present invention to provide an Fe-B-R type permanent magnet material 

29 having improved corrosion resistant property. . . ' 

tt is another object of the presorit invention to provide an Fe-B-R type permanent magnet capable of 
exhibiting its excellent conrosion resistant, property, not by its surface treatment for improving the corrosion 
resistant property thereof.' but by {specifying its cornposition. 

It Is still another ot^ect of the present invention to provide an Fe-B-R type pennanent magnet having 

30 excellent durability, while-maintaining Its high magnetic property. . " 
r tt Is a further object of the present Invention to provide an Fe-B-R type pennanent magnet having 
higher temperature characteristC . 

' Still further objects wni become apparent in the entire disclosure. 

The inventi()n pnsyides (Fe^Co)-B-R tetragonal type magnets as described In claims 1 and 2. and 

35 tFe,C0)-B*R tetragonal type magnet alloy powders as described in claims 12 and 13. Further advantageous 
features are evident from the dependent claims. The term tetragonal type is to indicate that the major phase 
of the magnets or powder is of tetragonal stfuctiire. 

The present invention Is based on the finding, as the result of conducting various studies and 
researches on the compositional aspects of the Fe-B-R type permanent magnet, that, by specifying Nd and 

«> Dy as the rare eartti element (R). and by defining specific amounts of B. Co. Al and Fe and specific 
limitation of the amount of C in the magnet (or material) composition, improvemem in the conosibn 
resistance of the pennanent magnet (or material) could be attained without .deteriorating Hs magnetic 
properties, which improvement was so significant that could not be realized witii the conventional penne- 
nent magnets. Further improvements miay be achieved by including Ti and/or Nb in specHic amounts. 

*^ /B Z*** ^ ^'^'^^ ^ present invention, in general aspect thereof, there Is provided an 
(Fe.Co>-B-R tetragonal type rare earth magnet (or material) having excellent corroston resistant property. 
«rtiich corislsts essentially of: 0.2 - 3.0 at% Dy and. 12 - 17 at% of the sum of Nd and Dy: S - 8 8t% B; 0.5 - 
^ at% Co; OJ . 4 at% Al: and fl» balance being Fe^ the principal phase being of ttie tetragonal structure. 
Fe st^uld be at least 65 at%. white ttie sum of Fe and Co is. preferably, at least 75 8t%. It is assumed that 

» staNDzation of tiie boundary phase Is due to adding Co and Al. . 

The foregoing objects, othisr objects and the specific composition of the (Fe.Co)-B4) type rare earth 
permanent magnet (or material) according to the present invention wHI become more apparent and 
understandable from the following detailed description thereof. witi» reference to the preferred embodiments 
of its production and magnetic .properties, when read in conjunction wHh ttia accompanying drawing. 

>6 In the drawing: 

. Fig. 1 Is a graphical representation of a result of the Pressure Cooker Test, showing the length of 

time lapsed until the surtaee coating bDstered or ttie material surface produced oxide powders; • 
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Rg 2 is a graphical representation of a resMft of the corroslon.rB8lstance test, showing a relaUonship 
between the standino time and variations in weight of the sanripfes per unit surface area; 

RgTa and 4 are graphs showing the effect of Co addition where Al Is 2 and 0 at%. respectively, .n 
waioht change per unit Surface area versus standing time at BO'C x 90% R.H.; 

RgsT and 6 are graphs showing the effect of Al addition where Co is 4 and 0 at%. respectively, .n 
weight change per unit surfac» area versus standing time at 80»C x 90% R-H.: ^ „^ « ^ 

Rg 7 Is graphs showing the eHect of Co and Al at different amounts of C In magnetic flux loss 
versus standing tlrne in a testing atmosphere of 80°C x 90% R.H. , 
In the foUowins. the present invention will tie described in specific detail. 

Tl,eJa!e^ pent»a!^t magnet material according to the present Invention possesses (BH)max of 25 
MGOe or above and IHc of 10 IcOe " or above (when made to an anisotropic sintered inagnet). and. as the 
^tt o° Cp^re Cooker Test (P.C.T.) in an atmosphere of a temperature of 12S«C f^ fj^^l 
humidity of 85% as weP as a prolonged holding test in an atmosphere of a temperature of 80 C and a 
rSJehumldity of 90%. it eicMbits partlculariy superior corrosion resistant ^J^^^"^ 
conv^tlonal Fe-B-R type rare earth permanent magnet material which has been subjected to undercoatong 
traatmeht with aluminum and then to further chromate treatment . 
^SS^CSion of 0.1 - 1.0 at% of one of Ti and/or Nb In addition to the abovemenUonert 
composiiioiC ttie rare earth permanent magnet according to the present invention is capable of improving ite 
^Sc.^o^T(ln particular. Ha reciigularity In the demagnetization curve) and its OH)max without 
deterioralinQ the excellent coiTosion resistant property. ^ , _ ..^^^ nr. 

T?e gr^n boundary phase in this Fe-B-R.type rare earth pem,anent magnet. U, ^^^^^ 
Al aenrt^tamed in the alloy. Is composed of: an R-rich phase which does not substanjally «mtain B. 
but^^w SSc ircents of Fe. and is composed mostly of the rare earth element: and an R,..Fe^B4 
Sfas^^th a Wgh^nt of B (about 40 at% or more). On account of this. «'^<»«teri«««•rJ" J*!^ 
SoSio^eite.^ Of the Fe-B-R type rare earth permanent magnet Is "^^^^ 

abovementioned R-rich phase which contains the chemically actWe rare earth elements 

^ ^ S?cSl^"5^^5^B.R type pem^anent magnet according to the present invention, it is pr^ed 
that if S in thegraSTboundary phase enter into the abovementioned R-rich phase to form 

TrnX^aTlwcHSi oTrspe^^ In quar»tity Qf Co and Al. and w^ '-PJ^f^,^^ 

magnetic prdperHes. contributes to signlflcaiit improvemem in the cpn-osion resistance of the grain 

'^^^Tm'Sl^ic pmpertles of the Fe-B-R type magnet (or magnet material) are P^"^^-^^^^ ^ 
the F?bIr tetrag««al type Intermetallic cdmpound expressed in terms of the <^^'^^^}^"^''^^^£^^^- 
SneShrlrvcSer to pnwide a magnetically anisotropic, sintered permanem magnet of the Wactica"/ 9h 
nSJSc ZSSe? L magnet Composition should be carehilly selected wHhln a region where he 
dSSSteJS te^S^Sel and B^cher thaS the stoichiometric composition of R^e«B. C^terlyln a ,^n 
SiererR Is not sufficient. . a-Uon precipitates in the alloy and/Or sintered magnet which causes a ready 

Invertlon of magneHzaHon riesiailng In a tow coerd^rtty.) • , « n-rf^t. 

ie regS;of the R-rich and B^ch side, an R^ phase composed almost of metallic R and a B-rWi 
phaS S^raS by ^*.Fe«B4 occur, which serve to Improve the sintering <*««2S'"'?-„^t.rS'^^ 
. the R-rich p^ smoothes the grain boundary; of the tetragonal crystal gra.r» through, the 

"^L^^SlIfSSS^^ the corrosldn reslstence Is primarily related with this R^ch bouridary phase 
The 4^ in 5^e W^pteLe is very apt to be oxidized by oxygen, and/or. moisture In the ambient 
SnosStere. Z^T^ carbon (C) ^d,<; chlorine (C.) are inciud^ as ^"^^^^^'^.^^^ 
carbide or chloride of R. which will readily react wHh moisture In ttie atmosphere to decompose. (Thus, 
generally speBldng. C and CI ^oUkJ be malritalned al a low level) • . .. . ^^^^^ Wiiprtfes to 

- R becomes oxide of R (e.g.. R2O3) which Is n«»''"a8"e«c ««f,f J*** "'J^^^^ 
decrease as the amount of the oxide increases (particularly. Br and (BH)max will ^raduany .*^f^; 
hS^. TthL IS still a certain amount of R (i-e.. more than that to be present as R^^ide) «qu«lte f or 
SSriS to rSw a ma^et That Is. H the amount of R Is large, oxyge-i rnay be -allowed in a 
S^^SnSngTSge amo^Tnt However. If the amounte of R and tT"^Z 
Of a large amount of the nonmagnetic phase, which leads to lowenng In Br arid (BH)max. 89 
iSiiTof R 18 limited (as IS usual In the practice), the amount of R will be short when a large amount of 
oxygen Is present, which finally resutts In a comfrfeto loss of coerdvity. 
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According to the present invention, such problems ascribable to tlie oxidation of the R-rich phase (or 
generelly the boundary phase) can be eliminated by incorporation of a certain amount of Co and AI in the 
composition. Particularly, the ratio of the sum of Co and AI to the amount of rare- earth elements (FT) 
contained (or to be contained) In the boundary phase: (Co **• Al)/R' is important. By controlling this ratio, the 
6 rare earth elements contained in the boundary phase can be stabilized. A considerable 'amount of Co and AI 
fonrhs stable intennetalllc compounds with R (e.g.. NdCost NdaCo^, etc.; there occur certain compounds 
containing AI as solid*solution) which contnbute to the corrosion resistance. 

Note that a certain amount thereof forms the R2(Fe.Co}uB tetragonal type phase. (It is presumed that 
some part of AI also assumes the site of Fe In this tetragonal type crystal structure to form R2(Fe,Co,Al)- 
10 mB.) These compounds have improved corrosion resistance over the base RjFeuB phase. 

Preferably. (Co + AI)/R' ranges about 0.5 to about 10 (more preferably 0.7 to 5). Below 0.5 the 
improvement in the corrosion resistance would not be sufficient, while above 10 the sintering characteristics 
will deteriorate leading to a lowering in lHc. 

As a guideline for control, the amount of can be roughly catcurated by the following equation; 
IS R* >°i total R - ( A .+ ^RO) (by at%) 

where A is the to^ amount of the elements contained in the tetragonal type phase and RO is the amount 
(by at%) of the R-oxIde (R203) in the magnet or material. 

Measurement e.g„ by X-ray micro-analyser (XMA) etc. can provide definite figure^of R', Co and AI, 

By the incorporatlor) of Go an^J AI, the corrosion resistance not only of the final sintered- product but of 
20 the alloy material (parttcuiarly powder) therefor can be significaritly increased. For instance the alloy powder 
obtained by the directidn reduction process from rare earth oxide through a reduction agent, e.g.; Ca can 
reduce the amount of oxygen through the incorporation of Co and AI. Thus the present invention provides 
significant improvement in the practical,. industiral production and utilization of the generally Fe-jB-R type 
pemrianent magnets. 

25 . In. the present Invention, the reason for ilmlting the range of content for each of the constituent elements 
in the rare earth permanent magnet is as follows. 

With the content of Dy not reaching 0.2 at %, no increase is seen In both IHc and (BH)max. On the 
contrary. vWth its content exceeding 3.0 at%, improvement is seen in iHc. However, since Dy is availabie 
only in small quantity in the natural resources, it is very expensive and hence unfavorat>ly pushes up the 

30 production cost of the permaiient magnet On account of this. Its content is limited to 9 range of from 0.2 
-. at% to' 3.0 at%. or preferably from 0.2 at% to 2.0 at%. Dy also serves to improve the temperature 
characteristics of the magnet partlcutariy in reversible loss of magnetic fiux at a high temperature and 
. irreversible loss of magnetic flux after t>eing subjected ther^eat 

When the total quantity of Nd and Dy 0*6.. the total quantity of the rare earth elements) is below 12 

06 * at%. Of Fe would precipitate in the metallic compound of the principal phase to abruptly decrease IHc. On 
the other hand, above 17 at%, the corrosion resistance of the basic Fe*B-R ternary composition is 
deteriorated due to the occurrence of greater.amounts of fVrich phase if a large amount of Co and AI is not 
present (such large offers problem In the magnetic properties). For these reasons, the total quantity' of Nd 
and Dy is limited to a rarige of from 12 at% to 17 at%, or preferably from 12*5 at% to 15 at% (for achieving 

40 30 MeOe or more and good corrosion resistance). The amount of Nd Is preferably 11 • 16 at% (n)ore 
preferably 12 * 14,5 al%). At feast 11 8t% Nd Is prefen^ed to provide sufficient Nd-rich boundary phase, and 
generally to save Dy (the latter is applied to also 16 at% Nd). Howpver, Nd may be partly replaced by Pr so 
far as the magnetic and anticonrosion properiies are not affected. Similarly, as a commertially availabie Nd 
material, Didymlum dontalnirig Nd, Pr and Ca may be partly employed. . . 

45. . With the content of B not reaching 5 at%; IHc unfavorably drops down to 10 kOe or lower. On the other 
hand, with Its content exceeding 10 at%, IHc increases, but Br drops down to become unable, to ol^n 
(BH)max of 25 MGOe or higher. Besides, above 10 at% B, the nonmagnetic B-rich phase increases to a 
considerable amount For these reasons, the content of B is. limited to a range of from 5 at%. to 10 at% 
(preferably 6 • 8 at%). 

50- . Co Is effective for Increasing the Curie temperature, Improving the weather-resistance of the product 
and the oxidation resistance of the raw material (alloy, particularly its powder), as well as increasing Is. With 
the Co content below 0.5 at%, the effect of increasing the Curie temperature and improving the corrosion 
resistance of the product (or material) is small. On the contrary, with hs content exceeding 13 at%, Co is 
locally concentrated to be agglomerated in the grain boundary at a high density with the consequence that ' 

55' a fenromagnetic R(NdtDy)*Co compound containing therein 30 at% or rhore of Co is precipitated to readily 



0 255 939 



10 



15 



20 



25 



30 



35 



40 



45 



50 



bring about reversal of magnetization In the Fe-B-R type rare earth permanent magnet of P^^^ent 
Invention, resulting In a lowered IHc. For these reasons, the content of Co Is limited to a range of from 0.5 
at% to 13 at%. or preferably from 1 at% to 10 at% In view of these aspects. Besides, at 5 at% Co or more, 
the temperature coefficient of Br Is 0,1 %/*C or less. 

Al is effective for increasing IHc and, in particular. Improving the corrosio. resistance of the product in 
codperaUbn with Co by synergic effect therewith. It has an effect of Improving IHc which tends to decrease 
with' Increase In the adding quantity of Co. With the Al content below 0.5 at%. the effect of Increasing IHc 
and Improving the corrosion resistance of the product (or material) Is not satisfactory. On the contrary, with 
Its content exceeding 5 at%; the effect Is seen in the Improved IHc. but Br lowers and <BH)max lowers 
below 25 MGOe. In balancing ttiese, the content of Al is limited to a range of from 0.5 at% to 5 at%. or 

preferably from 0.5. at% to 3 at%. . 

Tl or Nb has an effect of supplementing decrease In Br and (BH)max due to additiqn of Al. vyith the 
content of Tl or Nb not reaching 0.1 al%. no sufficient effect of increasing Br Is recognized. On the other 
hand, with the content thereof exceeding 1 .0 at%. Tl or Nb Is combined with B In the rhagneUc alloy to form 
borides of Ti or Nb, which Invites decrease (thus short) in B necessary for the magnetic alloy, entailing, at 
the same time, decrease In IHc For these reasons, the content of Ti and/or Ub is limited to a range of from 
0.1 at% to 1 .0 at%. or preferably from 0.2 at% to 0.7 at%. V, Mo, W. Ta. Hf and Zr may be present each in 
an amount 0.1 - 1*0 Bt%, which, serve like Tl or Nb. . 

C gives also great Influence on the conrosion-resistance of the permanent magnet. C may be contained 
as carbide of R which will readily react with moisture in the atmosphere to be caused to decompose. NA^en 
Its content exceeds 2,000 ppm, the corrosion resistance abruptly decreases, which entails difficulty In 
obtaining a practical permanent magnet Therefore, Its content should be 2,000 ppm or below, or prefer^ly 
1 000 ppm or below, or more preferably 700 ppm or below. C tends to.come fronri tiie starting matenals. 
such as Iron, ferro-boron or rare earth elements as an Impurity, or sometimes through the production 
process (e.g^ from organic compacting aids or when solvents are used for pulverization etc.). 

In the rare earth permanent magnet or alloy material according to the present invention, the remainder 
of the composition other than the abovementioned elements is Fe and unavoidable wnpuritles. 

Fe should be present at least 65 st% since below this amount, It Is difficult to achieve 25 MGOe or 
more. Fe is preferably at most 81 at% since above this, a-lron tends to precipitate. Thus Fe of. 68 - 81 rt% 
Is more preferred. It should be noted tfiat Co may replace some part of the f=e sit© In the basic Fe-B-R 
tetragonal type crystal structure to form the (Fe,Co)-B-R tetragonal type crystal structure. 

Oxygen is generally not prefenred since valuable R Is consumed, as oxide which is nonmagnetic. 
Oxygen is befieved to be present almost as R-oxide (e,o.. RaOs) in the magnet after sintering at 1,000*C or 
higher since R is chemically active. However, oxygen is inevitably contained as the Impurity because rare 
earth elements are generally very apt to be oxidized by oxygen or HaO. and it Is not easy to maintain the 
raw materials. produdBon process, and Intermediate and final products free from oxygen or moisture O-e- 
air), therefore the oxygon content should be malnt^ned as low as possible In the sense of the piactically or 
Industrially achievable level In fight of the magnetic prt>perties and saving (or efficiency) of R. Thus oxygen 
should be kept at 10,000 ppm or below, or preferably 8,000 ppm. or below (more preferably 6,000 ppm or 
below) 

Rather impormes ittty possibly be P, S. Mrn Nl. SI. Cg. Cr and so on. which might be unavoidably 
mixed bito the alloy components In the course of the Industrial production. Soch Impurities are a«oweajo 
be present In the magnet or material of the present Invention so far as the requisite properties are saBsffed. 

Chlorine (CI) may be contained as an Impurity, too. e.g.. when the pulverization of alloy l8 effec^d by 
wet pulverizatlpn using a solvent of organic chlorine compound (trichlorethylene etc.). Then diiorine 
contained as chloride «f R which wiU be readily decomposed by moisture in the air.- Thus chlorine should 
be. If contained. 1.500 ppm or. less, preferably. tiOOO ppm or' less. 

Nittogen might be incorporated through fte prOducBon process, e.g.,..Jet milling u^ .Na as a 
puWerizaUon medium amounting to about 1.000 ppm while wet-milling by a ball min using a solvent, 
provides very low amount of ntlrogen, e.g.. below 100 ppm. If nitrogen Is present in the magnet, it may Iwm- 
Nd-nltride which ls..very apt to read wHh HaD. Therefore It'ls preferred to control It to 2.000 ppm or below, 
more preferably 1.000 ppm or below. 
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According to a preferred aspect of the present invention, there Is provided a magnet consisting 
essentially ot 12 to 14.5 at% of Nd; 0^ to 2.0 at% of Dy (the total quantity of Nd and Dy being In me range 
of from 12.5 to 15 at%); 6 to 8 at% of B; 1 to 10 at% of Co; 0.5 to 3 at% of Al; 1.000 ppm of below of C; 
and remainder of Fe (68 • 81 at%) and unavoidable Impurities, wherein the principal phase (preferably at 
s least 85 vol %) .ls the (Fe.Co)-B-R tetragonal type crystal structure, exhibits excellent maignetic properties of 
(BH)max and iHc which are 30 MGOe or higher and 13 kOe or higher, respectively, as anisotropic sintered 
magnets and also exhibits very high corroslorvresistant property. 

Note, however, that by applying appropriate aging, the magnet achieves still higher magnetic properties. 
Further, the permanent magnet (or material) according to the present invention exhibits its best • 
10 corrosion resistance when it contains, as the principal phase. R2(Fe.Co)i4B type compound having the 
tetragonal crystal structure, and has a grain boundary phase which contains from 5 to 30 at% Co and 5 at% 
• or less Al in the R-rich multi-phase. The R-rich multi-phase Is composed of an R-rich phase not containing 
therein Al but Co and another R-rlch phase containing therein both Al and Co. When the crystal grain size 
of the magnet is about 1 um • 100 um (pref. 2 • 30 urp) the magnet provides signiflcantty high magnetic 
75 properties. 

•Methods used to produce or prepare the alloy powder Include melt-casting proicesses followed by - 
crushing and/or pulverization or direct reduction processes of rare earth oxide by means of a reduction 
agent. 

With a view to enabling those persons skilled in the art to put the present invention into practice, the 
20 following preferred examples are presented. 



EXAIMPLES 

. • ' ■ . • 

2S Example 1 

As the starting material, use was made of electrolytic Iron of 99.9 % piirtty (by w^ght as to the purity); 

ferro-boron alloy (20 % B): Nd (> 97 % the balance being Pr); Dy, Co, Al and Ti of > 99 %; ferro-niobium 

containing 67 % Nb; After these ingredients were mixed at their various predetermined ratios, each mixture 
30 was molten to iorm an alloy under high frequency heating, after which the molten alloy was cast in a water* 

--cooled copper mold. As the result, there were obtained alloy ingots- of variws compositions as. shown in 

Table 1 below. Certain amounts of Si, Mn. Cu and Qr were Incorporated originating from the ferro-boron. 

These elements improve iHc and rectangularity of the demagnetization curves, which seems to be based on 
• the presence of 300 r* 5,000 ppm SI and 200 • 3,000 ppm in total of fvln, Cu arid Cr In ttie magnet. 
38 Thereafter, the ingot was crushed coarsely by a stamping mill, followed by wet. pulverization in a ball 

mill using trichloro*trifiuoroethane. thereby obtaining' pulverized powders having ari average particle size of 

3 urn. 

Each, of the pulverized powders was then charged in a metal mold of a pressing device, subjected to 
alignment In a magnetic field of 12 kOe, and compacted urujer a pressure of 1.5 tons/cm^ In the direction 

40 . perpendicular to the magnetic field. The resultant compact was then sintered at a temperature ranging from 
1. 040*^0 to 1,120*'C, for two hours in an argon atmosphere, after which It was allowed to cooL Thereafter, 
.the sintered body was further subjected to aging treatment at 600" C. As th^ result there were obtained the 
penmanerrt magnet material speclmerts having a dimension of 20 mm x 10 mm x 6 mm. which were 
magrietized by applying a magnetic field of at least 25 kOe. 

45 The -magnetic properties of the thus obtained permanent magnets were measured, the results t>etng 
shown in Tabte 1 below. The quantity, of Co and Al were determined by use of an X^ray micro-analyzer, 
whelrein the compositional analyses of the R-rich phase in the grain, boundary were carried out The 
, * evaluation of the analyses was given in terms of tiie average values of the compositions in the grain 
boundary phase primarily at tiie triple poirits. 

50 The magnetic properties were measured after the magnetization. As Is apparent' from Table 1 . the Pe*B« 
R type permanent magnet having the cbmposition as specified - in tills invention possesses magnetic 
properties which are equal to. or higher than, that of the conventional Fe-B-R type permanent magnet 

« • • • • 
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Example 2 

6 . ' ' . ■ ; • ^ 

Some of the test specimens obtained from Example 1 above were subjected, to the undercoating 
treatment with Al followed by surface-treatment with chromate to provide surface-treated specimens; and, 
on the other hand, the remainder were left untreated as the surface^untreated precimens. Each group of the 
specimens was then subjected to the Pressure Cooker Test (P.C.T.) in an atmosphere of a relative humidity 
10 of 85% at a temperature of 125'' C under a pressure of 2 kgf/cma Through the P.CT. tetragonal grains will 
be Isolated from the surface of the specimen through the con-osipn . of the boundary phase to produce a 
grey colored powder. Thus the P.C.T. represents the evaluation of the corrosion resistance primarily due to 
the stabilization of the boundary phase. 

The test result was evaluated by the length of time taken until the surface-trieated film peeled off the 
75 surface of the specimen to bring about blisters, or the length of time lapsed until the surface of the 
specimen material produced powder. Figure 1 indicates the test results. 

As Is apparent from Rgure 1 , the permanent magnets according to the present invention which are in a 
state as produced and have not undergone any surface-treatment exhibit particularty excellent cont)sion 
resistance In comparison with that of the convantibnal permanent magnets which were subjected to the 
20 surface-treatment for improving the corrosion-resistance. The specimens which did not suffer disintegration 
exhibited almost the same magnetic properties as those before testing while those of the disintegrated 
specimens were not measured. 



25 Example 3 

■ 

* • 

The test specimens Nos. 2, 3, 6 and 7 in Table 1 as obtained form Example 1 above arxi not subjected 
to the surface-treatment were subjected to the corrosion-resistance testin which the specimens were held 
in an atmosphere of a relative humidity of -90% at temperature of 80*C over a long period of time 

30 (accelerated weather*proof test).The test result was evaluated by increase In quantity of the oxide per unit 
^surface area of each specimen versus the length of time, during which the specimen was held in the 
abovementioned atmosphere. The test results are shown In Rgure. 2 The resultant specimens after this test 
produce red rust Thus tiiis. test Is an acceleration test representing tiie weatiier proofness (or oxidation 
resistance) of tiie magnet surface under the usual' conditions of use thereof. Namely, the conoslon 

35 resistance of the tetragonal grains as well as tiie boundary phase of tiie magnet surface is evaluated by this 
test. Therefore It is necessary to apply also tiiis test for complete evaluation of the conrosion resistance of 
this type of magnets. 

As is apparent from Rgure 2, tiie permanent magnet according to the present invention has a 
significantly superior conrosion resistance of such a degree that coukj not be attained by the conventtonal 
40 Fe*B-R type rare earth permanent magnet 



Example 4 

■ * 

45 Specimens having no surface treatment were prepared based on the compositions as shown In Table 2 
and pulverization was canrled out by jet-milling in Hz gas containing 1 .000 ppm oxygen; ottienwise In the 
same manner as Example 1. In Table 2 Spednhens 12-14 did not include Co and Al. These specimens 
were tested by an autoclave under a saturated steam atmosphere at 180*C for 1€ hrs for the conrosion 
resistance. The magnetic properties were, measured before and after the corrosion resistance test, while. 

60 those t)efore' the test are shown in Table 3. The loss in weight oUha^pecimens versus the lapse of time 
was measured, too, and Is shown In Table 3. 

As apparent in Tables 2 and 3, specimen Nos. 9-11 which include Co and Al did not suffer tiie loss In 
weight nor disintegrated, whereas specimen Nos 12-14 were classified In two groups depending upon the 
. total amount of rare eaijh elements, one group suffering loss and disintegration on tiie surface portion and 

65 the otiier not 

* 

The specimens which did not suffer disintegration demonstrated the same level of the magnetic 
properties within the measurement error even after tiie test In the autoclave. 
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Acordlngly it Is concluded that the corrosion resistance of the Fe-B-R type magnets can be significantly 
improved by Incorporating specific amounts of Co and Al. Furthermore, the conrosion resistance of the Fe- 
B-R type magnets is greatly affected by the total amount of rare earth elements in the magnet or material. 
Generally, the amount of the rare earth elements which are present in the boundary phase of the Fe-B-R 

6 type magnets will Increase as the total amount of R increases. Such abundant or excess presence of R 
adversely affects the corrosion resistance, which, however, can be completely eliminated by the incor- 
poration of Co and Al. Co and Al are believed to stabilize the boundary phase. It was further confirmed that 
the copresence pf Co and Al has an effect to reduce the amount of N in the sintered magnet to a half to a 
third of that In the base magnet hot Including Co and Al. 

70 It Is also concluded that even when Co and Al are not included, the Fe-B-R type magnet does not suffer 
disintegration If the total amount of B does not exceed about 14 at% (and the level of C is low). This is 
believed to be attributable to the rion-presence of tiie abundant R-rich phase in the boundary phase. 

Furthermore, the absolute amount of oxygen appears to be not definitive for the corrosion resistance (or 
disintegration), not only in the case where Co and Al are included but in tiie case where these are hot 

IS Included. Rdther. the. definitive factor for suppressing the corrosion Is the control of the boundary phase 
either by stabilizing It by Co and Al or by efiminating tiie presence of excess R-rlch boundary phase. i.e.. 
more than the rnlnlmum amount necessary to achieve Vt\e requisite high magnetic properties. In light of this 
aspect, an Fe-B-R type magnet composition contairwng 14 at% or less R in total in conjunction witii X\ie 
allowable level of Impurity (particularly C etc.) will also provide a stable base composition. (Note, however, 

20 the presence of Co. and Al further stabilize tiie base composition even as the rhaterlal.) 
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Composition 
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Oxygen 
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Fe 
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Br • 
(kG)* 


iBc 

( kOe ) * 


{BH)max 
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loss in weight ( % ) 

• 

• • 


9 


11.9 


17.1 


34.2 

* 


• 

0 




10 


12.1 • 

• 


•1 6.5 


35.7 


• • 

• • . 0 

• • - * 




11 


12.5 


. 15.7 


36.9 


0 


• 

■ 


12 


• 

12.0 


14.1 

* 


• 

34.9 


• 

17 % 


■ 

• 


13 


12.5 

■ 


12.8 . 


37.6 


1 % 


t 


: ■ 1 -4 

• 


* 


* 


— 37^2 

• 


* 

W 

* 

■ 

• 


* 

. / 
. / - 

* 



1 kG 
1 kOe 

1 MGOe 



10"^ T 
79.6 k'A/m 
7,96 k'J/ra' 



11 



4SppCtO:<EP 



0 255 939 



Example 5 

Based on the composition as shown in Table 4 and otherwise In the same manner as in Example 1 
magnet specimens were produced and measured for the amounts of oxygen and carbon and the magnetic 
properties to be shown In Table 4. The specimens were tested In an atmosphere of a 90 % relative 
humidity (R-H.) at 80^0 and measured for the change in weight per unit surface of the specimen. The result 

Is shown in Rgs. 3-6. . ^ 

Rg. 3 represents the change in weight in the case where 2 at% A! is present and the Co amount is 
changed from 0-6 at%. When Co is not present, the corroding rate expressed in tenns of the change rate 
In weight Is large, whereas the conoding rate becomes to an extremely low level after the lapse of a certain 
period of time as the Co amount increases. 

Fig. 4 represents the change In weight in the case where Al is not present and the Co amount is 
changed from 2 fo 6 at%. The changing rate In weight decreases with the lapse of time while the 
decreasing tendency enhances with Increase In the Go amount. In comparison to Rg. 3, Rg; 4 where Al is 
not present demonstrates greater change (increase) In weight than those in Rg. 3. Such tendency Is more 
significant In Rgs. 5 and 6. Namely. Rgs. 5 and 6 represent the effect of Al at a Co amount of 4 at% and 0 
% (not included). When Co Is not Included (Rg. 6), not remarkable effect on the weight change test is 
achieved by Incorporating Al. whereas when Co is Included (Rg. 5) the magnitude of the change in weight 
diminishes with Increase In the Al amount. Based on this fact It has turned out that the presence of Al 
contributes to the improvement In the corrosion resistance. 

Furthennore. based on the results of Table 4. iHc Is significantly improved when a small amount of Al 
(e.g., 1 at%) is contained, although IHc lends to decrease with increase of Co when Al Is not present 

As discussed hereinabove, the synergic effect of the copresehce of Co and Al in the Fe-B-R type 
magnets is significant in improving the corrosion resistance as well as in providing high magnetic 
properties. 



Example 6 . 

« 

Based on Ingots having the compositions of Nos. 15 and 17 of Table 4, spedmens containing different 
amounts of C were prepared as follows; (1) jet-milling the ingot using Nrgas as a pulverizing medium (or 
carrier). (2) fine pulverizalon by a ball-mill using a solvent (organic fluorine solvent, e.g., flon) as pulverizing 
medium, andtor (3) to certain specimens admixing a paraffine wax to adjust the C amount. 

The results Including the measured magnetic properties are shown in Table 5. The specimerts were 
further magnetized by application of an extemal magnetic field of at least 25 kOe and thereafter tested for 
ttie weather contusion resistance in an atmc^phere of 90 % R.H. at 80«»C to measure tiie change In the 
magnetic flux by usirtg a flux meter. The results are shown in Rg. 7. 

As is apparent in Rg. 7. the flux loss generally increases with Increase in C. however, tiie rate of flux 
loss signiflcantiy diminishes al the presence of Al even when C incr^ses. particulatrly at about 500 ppm C 

or more. * * * 

As is apparent from the Examples, the present Invention can eliminate tiie surface treatment for 
Improving ttie corrosion resistance. A furttier surface treatment may be applied, too. However the surface 
treatment can be quite simplified In order to give a complete corrosion protection. e.g., resin impregnation 
with epoxy or the like resin will be sufficient 

So far. tiie present Invention has been described witii reference to particular embodiments thereof. It 
should, however, be noted that changes and modifications may be made by tiiose persons skilled in tiie art 
wtthin the gist of ttie present Invention or scope of tiie present invention as recited in the appended claims. 
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. 1. An (Fe!co)-B.R tetragpnal type magnet wWch has a stabilized boundary phase and a high corrosion 

45 re^stance, compMlsing: . 

0^ - 3.0 al% Dy and 12 - 17 at% of the sum of Nd Dy; 
5-10at%B; 

_ €.5j- t3^at%,Co;.._:.; _ . ' - : 

' 0-5- 4at% At; and . 

„ the f^^^^gJ^^BttSSS magnet which has a stabilized grain boundary phase .ar,d a high 
conx)sion resistance, comprising: 

0^ - 3.0 at% Dy and 12 • 17 at% of the sum of Nd and Dy; 
5 - 10 at% B; 
55 0^ -13 81% Co; . . 
6^ - 4 at% Al; and 
' 0.1 - 1.0 at%.of Tl and/or Nb; and 

the balance being at least 65 at% Fe. 
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3. The magnet as defined in claim 1 or 2, wherein C does not exceed 1 ^0 ppm, preferably 700 ppm. 
.4. The magnet as defined in one of the preceding claims, wherein Gl does not exceed 1.500 ppm^ 
preferably 1,000 ppm. 

5. The magnet as defined in one of the preceding claims, wherein the ratio, by atomic %. of the sum of 
5 Co and Al to the amount df rare earth elements contained in the boundary phase is 0.5 10. 

6. The magnet as defined in one of the preceding claims, wherein Nd is 12 - 14.5 at%; 
Dy is 0.2 - 2 at%. the total amount of Nd and Dy being 12.5 • 15 at%; 
Bis6-Bat%; 

Co is 1 - 10 at%; 
10 . Al is 0.5 • 2 at%; and 
Fe is at least 68 at%. 

7. The magnet as defined in one of the preceding claims, wherein said R-rich boundary phase 
comprises 5 * 30 at% Co and not exceeding 5 at% Al. 

8. The magnet as defined in claim 7, wherein said R-rich boundary phase comprises a first R*rich 
IB phase containing Co but not Al, and a second R-rich phase containing Co and Al. 

9. The magnet as defined in one of the preceding claims, wherein N does not exceed 1 .000 ppm. . 
10.. The maghet as defined in one of the preceding claims, wherein oxygen does not exceed 8.000 

ppm, preferably 8*000 ppm. - 

.11. The magnet as defined in one of the preceding claims, which is an anisotropic sintered magnet 
20 having an ehergy product of at least 199.0 k*JAn3 (25 MGOe). preferably 238.8 k^J/m^ (30 MGOe), and a 

coerclvlty IHc of at least 796.0 k»A/m (10 kOe), preferably 1 .034.8 k»A/m (13 kOe). 

.12. An (Fe.Co}-B-R tetragonal type magnet allpy powder, which has a stabilized boundary phase and a 

high corrosion resistance, comprising: 

0.2 • i3.0.at% Dy and 12 r 17 at% of the sum.of Nd and Dy; 
26 5-10at%B: 

0.5 - 13 at% Co: 

0.5 - 4 at% Al; and 

the balance being at least 65 at% Fe. 

13. An (Fe,Co)-B-R tetragonal type magnet alloy powder, which has a stabilized boundary phase and a 
30 high corrosion resistance. Comprising: 

-0J2 - 3.0 at% Dy and 12-17 at% of the sum of Nd and Dy; 
5- 10at% B; 
0.5-13at%Co: 

0-5 - 4 at% Al; and ...... 

3S 0.1 - 1 .0 at% of Ti and/or Nb; and 
. ' the balance being at least 65 at% Fe. 

14. The alloy powder as defined In claim 12 or 13, wherein *C does not exceed 1.000 ppm; 

. 15. The alloy powder as defined In one of claims 12 to 14. whereiri CI does not exceed 1.500 ppm. 

16. The alloy powder as defined In one of claims 12 to 15, wherein the ratio, by atomic %• of the sum 
.40 of Co and Al to the amount of rare earth elements contained in the boundary phase is 0.5 - 10. - ' 

17. The alloy powder as defined In one of claims 12 to 16. wherein Nd is 12 - 14.5 at%; , 
Dy is 0J2 - 2 at%. the total amount of Nd and Dy being 12.5 - 15 at%: 

Bis6-8 9t%; 
Co Is 1 - 10 at%; 
45 Al Is 0.5 • 2 at%; and 
Fe Is at least 68 at%. 

18. The alloy powder as defined in one of claims 12 to 17. wherein said R-rich boundary phase 
. comprises. 5 * .30 at%.Co and not exceeding 5 at% Ai. . .. 

19. The alloy powder as defined in claim 18. wherein said R-rlch boundary phase comprises a first R- ' 
50 rich phase containing Co but not Al. and a second R-rich phase containing Co and Al. 
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FIG. 4 
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FIG. 6 
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